Abstract: A clean and environmentally benign route for the preparation of substituted thiazoles 4a-k via a three component reaction of an aldehyde, thiosemicarbazide and a bromoacetophenone in the presence of 3,3′-(pentane-1,5-diyl)bis(1,2-dimethyl-1H-imidazol-3-ium) bromide is reported. The present methodology offers several advantages such as solvent-free conditions, excellent yields, simple procedure, mild conditions and reduced environmental consequences. The ionic liquid can be recovered and reused. All synthesized compounds were characterized by IR, NMR and elemental analysis.
Introduction
Thiazoles are widely found in medicinal and biochemical compounds. They exhibit various biological activities such as antimicrobial [1] [2] [3] [4] , anti-HIV [5] antifungal [6] , anticancer [7] [8] [9] , anthelmintic [10] , antiviral [11] , antidiabetic [12] activities. In particular, 2-arylbenzothiazoles have received much attention in medicinal chemistry [13] [14] [15] .
Numerous methods have been reported in the literature for the synthesis of thiazoles. Condensation of 2-aminothiophenols with aldehydes [16, 17] , with carboxylic acids [18, 19] , with esters [18, 20] or with acid chlorides [21, 22] , and Jacobson's cyclization of thiobenzanilides are the main methods [23, 24] . In this paper we present a new synthetic route to substituted thiazoles 4a-k that is conducted in the presence of an ionic liquid [PDBMDIm]Br (Figure 1 ). Ionic liquids lack flammability, are easy to recycle, and possess effectively no vapor pressure [25] [26] [27] [28] [29] .
Results and discussion
In continuation of our studies on the development of efficient and eco-friendly procedures for the synthesis of heterocyclic compounds [30] [31] [32] [33] we now report the synthesis of novel 2-hydrazonyl-4-phenylthiazoles that is conducted in the presence of ionic liquid [PDBMDIm]Br ( Figure 1 ) under solvent-free conditions at room temperature (Scheme 1).
For comparison, a model reaction between aldehyde 1a, 2- The use of substituted pyrazolecarbaldehydes 1 and bromoacetophenones 3 containing either electron withdrawing groups (such as halide or nitro) or electron releasing groups (such as hydroxyl or alkoxyl) furnished the corresponding 2-hydrazonyl-4-phenylthiazoles 4 with the yields ranging from 85% to 96%. All products are assumed to have E-configuration.
Conclusions
A simple, convenient and efficient protocol for the synthesis of 2-hydrazonyl-4-phenylthiazoles using [PDBMDIm]Br as a catalyst was developed. Good yields of the products, short reaction times, simplicity, easy workup, together with the use of an inexpensive, environmentally friendly and reusable catalyst, are the notable features of this catalytic procedure.
Experimental
Melting points were measured on an Electrothermal 9100 apparatus. Melting points were measured on an Electro-thermal 9100 apparatus and are uncorrected.
1 H NMR (500 MHz) and 13 C NMR (125 MHz) spectra were obtained on a Bruker DRX 500 Avance spectrometer in CDCl 3 as solvent and with TMS as internal standard. FT-IR spectra were recorded in KBr pellets on a Shimadzu FT-IR-8400S spectrometer. Microwave irradiation was performed using a microwave oven model LG, 4280MCR. Elemental analyses were recorded on a CarloErba EA1110CNNO-S analyzer. An ultrasound apparatus TECNO-GAZ Astra 3D operating at 45 kHz was used.
Synthesis of 3,3′-(pentane-1,5-diyl)bis(1,2-dimethyl-1H-imidazol-3-ium)bromide, [PDBMDIm]Br
A mixture of 1,2-dimethylimidazole (20 mmol, 2.0 g) and 1,5-dibromopentane (10 mmol, 1.8 mL) was stirred under a gentle reflux for 2 h.
After cooling to room temperature, the residue was washed with diethyl ether (3 × 10 mL) and the ether was discarded. The remaining material formed two liquid phases. The ionic liquid was separated using the separator funnel and the remaining solvent in the ionic liquid was removed at 80°C. Finally, the yellow viscous ionic liquid was produced: yield 97%; IR: ν max 1639, 1695, 1367 cm 
General procedure for the synthesis of 2-hydrazonyl-4-phenylthiazoles 4a-k
A mixture of a pyrazolecarbaldehyde 1 (2.0 mmol), thiosemicarbazide 2 (2.1 mmol), a bromoacetophenone 3 (2.0 mmol) and [PDBMDIm]Br (0.04 mmol) was stirred at room temperature for the period of time indicated below. After completion of reaction, as indicated by TLC analysis, the ionic liquid was removed from the mixture by extraction with water (2 × 15 mL). The aqueous extract was concentrated under reduced pressure, washed with diethyl ether, and concentrated under reduced pressure to recover the ionic liquid. The residue of 4a-k was kept at 80°C under reduced pressure to remove traces of water and ether and then crystallized from ethanol. ((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl) (1-phenyl-3-p-tolyl-1H-pyrazol-4-yl 4-(2-Bromophenyl)-2-(2-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl) (E)-4-(2-Bromophenyl)-2-(2-((1,3-diphenyl-1H-pyrazol-4-yl 4-(4-((2-(4-(2-Bromophenyl)thiazol-2-yl)hydrazono)methyl)-1-phenyl-1H-pyrazol-3-yl) 
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